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Abstract: Modular-focused re-design is a promising strategy for product lifetime extension and 
recyclability of materials. Yet, sustainability benefits of modular product design do not automatically 
come into effect, but require additional service activities. To achieve the intended sustainability effects, 
such services have to be attractive and made use of by customers. This study investigates to what 
extent sustainability-focused modular product design in the smartphone sector promotes (i) self-repair 
compared to using a repair service as well as (ii) the effect of positive user experience with repair 
instructions and services. It further analyzes how circular economy attitudes and perceived self-
repairability moderate these effects. The quantitative analysis, first, finds that users of modular 
smartphones are more likely to choose self-repair than to use a repair service compared to users of 
semi-modular smartphones. This effect increases the more the device is perceived as self-repairable. 
Second, the analysis reveals that modular smartphone design supports positive experience with repair 
instructions. Repair instructions of modular smartphones are perceived as necessary, helpful, easily 
accessible, and sufficiently available. Consequently, successful implementation and management of 
complementary product and service designs are key to promote product lifetime extension in the 
smartphone industry. To leverage different attitudes, accompanying communication and user 
customization could stimulate circular behavior. 
 
Introduction  
Modular-focused re-design can support repair 
and exchange of modules, which makes it a 
promising approach for lifetime extension and 
recyclability of materials (Schischke et al., 
2019). Yet, sustainability benefits of modular 
smartphone designs only materialize if 
complementary circular service offers (e.g. 
repair, reuse, fashionable upgrading) are 
available and used by customers. Extant 
literature furthermore suggests to establish 
circular loops in sequence from repair to 
recycling in order to retain the maximum value 
of products, components, and materials 
(Stahel, 2010). Our research therefore focuses 
on repair activities. The possibility to repair and 
whether this option is actually utilized in 
practice, however, may diverge. Thus, a user-
centric perspective is key to design successful 
circular business models (Lofthouse & 
Prendeville, 2017; Nazlı, 2021; van der Laan & 
Aurisicchio, 2019). 
 
Against this backdrop, we aim to investigate the 
interaction of technological innovation and 
complementary circular service innovation from 
a user perspective. It investigates the research 
question whether and to what extent modular 
product design (MPD) influences repair 
behavior. Our research differentiates between 
repair instructions and professional repair 
services (Wieser & Tröger, 2017) and 
contributes to the ‘right to repair’ movement 
(European Commission, 2019).  
 
In this conference paper, we present results 
from a quantitative survey of 1,720 users of the 
original equipment manufacturer (OEM) 
SmartMod and apply multiple logistic and linear 
regression models. The findings show that 
MPD increases the likelihood of self-repair, 
which is further strengthened by a stronger 
perceived self-repairability. MPD promotes a 
positive experience with repair instructions. 
Consequently, management should consider 
complementarities between product and 
service design as well as accompanying 
communication to reap the technical design´s 
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Theoretical Background and 
Hypotheses 
 
Modular Product Design (MPD) 
 
MPD is a promising approach to enable 
circularity of products and materials. Starr 
(1965) introduced the modular concept as a 
way to support increasing product variety at 
relatively low cost by allowing for a maximum 
combination of parts. In its next era, the concept 
took a more user-centric focus to enable mass 
customization (Sanchez, 1995). Nowadays, 
MPD is being further developed to a design 
principle that facilitates (corporate) 
sustainability improvements throughout a 
product´s life cycle (Sonego et al., 2018), which 
we call ‘sustainable modular product design 
(SMPD)’. 
 
This perspective of MPD simplifies recovery of 
products, modules, and components through 
easy dis- and reassembly as well as 
upgradability, which saves process costs for 
repair and creates an environmental advantage 
compared to conventional products (Agrawal & 
Ülkü, 2013; Mesa et al., 2018). However, MPD 
alone does not suffice to promote product 
recovery (Den Hollander et al., 2017). 
Combined with a conventional ‘sell more sell 
faster’ business model the whole offer could still 
be unsustainable. Whether MPD unfolds its 
sustainability potential depends on its 
embedding in the whole offer, including how 
easy repair, the exchange of modules, 
upgrading, etc. are. Complementary services 
may therefore be crucial to ensure the 
sustainability contribution of modular products. 
 
SMPD promoting self-repair over the use of 
a repair service 
 
SMPD particularly enables the provision of 
repair instructions. Repair instructions are 
easier to understand and follow compared to 
those for conventional products. The barrier to 
self-repair modular devices is furthermore lower 
because less effort and technical skills are 
required (Agrawal & Ülkü, 2013; Kim & Moon, 
2019). In addition, the adopted do-it-yourself 
(DIY) repair modularity (Schischke et al., 2019) 
with a proprietary designed product architecture 
based on repair statistics directly targets self-
repair of modules that break most frequently. 
Thus, SMPD promotes self-repairs over the use 
of repair services in case of a defect (see Figure 
1, H1). 
 
User Experience with Repair Instructions 
and Services 
 
Repair instructions and services have been 
proposed as approaches to create positive user 
experience, which would real in higher 
satisfaction and loyalty (Zomerdijk & Voss, 
2010). In turn, user satisfaction resulting from a 
positive experience would promote use time 
extension (Ackermann et al., 2018; Sabbaghi et 
al., 2016). Nonetheless, an appropriate 
technological design may benefit both user 
experience with repair instructions as well as 
repair services. For example, repair instructions 
for modular products may be simpler and, thus, 
easier to understand and carry out. Concerning 
repair services, modules can be more quickly 
exchanged, which decreases costs and 
increases efficiency. Thus, SMPD enhances 
positive user experience with repair instructions 
(see Figure 1, H2) as well as services (see 
Figure 1, H3). 
 
Influence of circular economy (CE) 
attitudes and perceived self-repairability on 
repair behavior and experience 
 
Actual repair behavior and user experience 
may depend on users´ attitudes and 
perceptions (Fogg, 2009; Michalco et al., 2015; 
Mugge et al., 2005). Prior research found that 
users with pro-environmental attitudes are 
more prone to adopt repair practices (Cerulli-
Harms et al., 2018; Nazlı, 2021). Exceeding 
these findings, this study investigates the 
influence of CE attitudes that incorporate 
environmental and CE specific attitudes and 
might, for example, originate from previous 
repair experience (Cerulli-Harms et al., 2018). 
Similarly, users of a modular smartphone who 
perceive their device as highly self-repairable 
may have a more positive attitude towards 
repair and thus a more positive experience with 
repair instructions and services. Hence, we 
hypothesize that CE attitudes and perceived 
self-repairability moderate the effect of SMPD 
on repair behavior and experience (see Figure 
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Figure 1. Research Design – Hypothesis Model. 
 
Methodology 
Our study adopts a quantitative approach. 
Modularity approaches have been applied 
rather by pioneers than by large incumbents. 
SmartMod is a sustainability pioneer in the 
smartphone industry who uses modularity as 
unique selling point. The OEM offers two 
different modularity degrees. The design of its 
semi-modular smartphones is based on 
existing product architectures but includes 
repairability upfront. The modular smartphone 
design adopts a do-it-yourself (DIY) repair 
modularity (Schischke et al., 2019) with a 
proprietary designed product architecture 
based on repair statistics. 
 
An online questionnaire is distributed to 
SmartMod´s 50,000 users via the company´s 
communication channels. Data from 1,720 
users is analyzed using binary logistic (H1) and 
multiple linear (H2 and H3) regression models. 
 
 
Figure 2. Relative Repair Behavior by 
Smartphone Model. 
 
Descriptive results show that modular devices 
are repaired both by users themselves and by 
the OEM service, while semi-modular devices 
are predominantly sent to the OEM service. In 
general, most devices were repaired in case of 
a defect. 
 
Results and Discussion 
Overall, this empirical analysis found that 
smartphone users of the sustainability pioneer 
SmartMod are very prone to repair, particularly 
when they own a modular device. The analysis 
reveals that Hypotheses 1, 1b, and 2 can be 
supported, while Model 2a shows the opposite 
effect than hypothesized (see Figure 3). 
Hypotheses 1c, 2c, 3, 3a, and 3b cannot be 
supported. These results suggest that SMPD 
influences (1) the choice for a self-repair, which 
is further leveraged by a stronger perceived 
self-repairability, and (2) a stronger positive 
experience with repair instructions. SMPD 
does, however, not influence the experience 
with the professional repair service. Overall, 
two major implications can be drawn.  
 
 
Figure 3. Statistically Significant Hypotheses. 
 
SMPD enhancing self-repair 
 
On the one hand, modular smartphones are 
more likely to be self-repaired than sent to the 
OEM´s repair service. This is positively 
moderated by perceived self-repairability (see 
Figure 4). Compared to using a repair service a 
higher perceived self-repairability increases the 
probability of self-repair more significantly for 
modular models than for semi-modular models.  
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However, it should be considered that defects 
under guarantee are probably more frequently 
repaired by the OEM, which could slightly skew 
our results. Nonetheless, this finding is in line 
with past studies which found that slightly more 
than a third of all broken conventional devices 
were self-repaired (Laitala et al., 2021). MPD 
furthermore successfully enables easy and fast 
module replacements (Bonvoisin et al., 2016; 
Schischke et al., 2017). Our analysis shows 
that proper circular services additionally 
promote the active use of MPD´s technical 
design. Dewbery and colleagues (2017) argue 
that users refrain from self-repairs if they lack 
product knowledge, technical information, or 
spare parts. This suggests that information 
asymmetries between this study´s case OEM 
and their users is either relatively low or that 
users are rather knowledgeable. In particular, 
offering repair instructions reduces information 
asymmetries, which increases the number of 
self-repairs.  
 
Our sample may be more prone to self-repair of 
modular devices because of a higher repair 
confidence (Nazlı, 2021) among the users than 
among average smartphone users. This is 
reflected in the strong CE attitudes, which also 
mirror that users have past repair experiences 
(Cerulli-Harms et al., 2018). This self-repair 
confidence could be leveraged by the 
smartphone´s technical design as well as the 
provided repair instructions. Moreover, the 
higher confidence could be influenced by the 
perceived higher self-repairability for modular 
devices. This analysis reveals that higher 
perceived self-repairability can strengthen the 
likelihood to choose to self-repair modular 
products. Thus, the tendency for users to repair 
their smartphone themselves rather than have 
it repaired by a professional service is 
increased for users with a modular smartphone 
compared to those with a semi-modular 
smartphone if the perceived repairability is high. 
This indicates that the technical design of 
SMPD itself exerts an additional influence on 
self-repairs.  
 
With regard to future research, this study could 
inform research on ‘product-person-
relationships’ (Mugge et al., 2005; Page, 2014). 
By building an emotional bond to the product, 
users are expected to take better care for their 
products, which may postpone product 
replacement and thus prolong product lifetime 
(Schifferstein & Zwartkruis-Pelgrim, 2008). 
Self-repair may strengthen this relationship 
because the user actively engages with the 
physical design of the product. Nonetheless, 
our findings show that more complex modules, 
such as the mainboard, are more often sent to 
the OEM´s repair service. A repair service does 
therefore not become obsolete as some users 
do not have the skills, willingness, or time for 
self-repair, while certain modules are less 
suitable for self-repairs.  
 
SMPD enhancing user experience with 
repair instructions 
 
Furthermore, this study found that SMPD 
increases the user´s positive experience with 
repair instructions, while strong CE attitudes 
reduce this positive effect. Stronger CE 
attitudes increase the positive experience with 
repair instructions for semi-modular models but 
slightly decrease the positive experience for 
modular models (see Figure 5).  
 
 
Figure 5. Interaction Effect for Hypothesis 2a. 
 
This study complements earlier research by 
Gregson et al. (2009), Laitala et al. (2021), and 
Sabbaghi (2016) who identified the lack of 
repair instructions as a barrier to repair. For 
example, 28% of self-repairs were 
unsuccessful according to a consumer survey 
conducted by Laitala et al. (2021). Our case 
could show that the combination of appropriate 
product design and repair instructions 
leverages self-repair behavior and success. 
This confirms the importance of OEM-offered 
circular services and that SMPD increases the 
user´s positive experience. Positive 
experiences, in turn, help to understand and 
follow repair instructions for modular products. 
This emphasizes the importance of 
complementary product and process innovation 
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vertically-integrated OEMs can successfully 
promote circularity and sustainability (Hansen & 
Revellio, 2020). In addition, an appropriate 
repair service can absorb some degree of 
technological incompatibility. Thus, it is critical 
to synchronize the intentions of both product 
and service designs to unfold as much 
sustainability potential as possible.  
 
Positive experience with repair instructions for 
modular products can further be increased by 
other triggers, such as time, appearance, social 
norms, or previous care experiences 
(Ackermann et al., 2018). While these factors 
are inexplicitly considered with the CE attitudes, 
this study found they negatively moderate the 
positive effect of SMPD on the experience with 
repair instructions. While this finding contradicts 
previous findings (e.g., Ackermann et al., 2018; 
Cerulli-Harms et al., 2018; Nazlı, 2021), they 
focus on environmental and implicit CE 
attitudes, and can be considered specific. 
Research by Cerulli-Harms et al. (2018), which 
has informed this study´s CE attitude scale, 
found that although many users are prone to a 
CE, they actually use repair options relatively 
rarely. As their research did not explicitly 
investigate the impact of CE attitudes on repair 
behavior, this study extends knowledge as it 
additionally investigated the impact of a change 
in technical design on repair behavior. Since 
SmartMod users have especially strong repair 
attitudes compared to average EU citizens 
(Cerulli-Harms et al., 2018), their expectations 
about repair instructions might be rather high 
and consequently not met (Michalco et al., 
2015). This may result in a decreased positive 
experience with repair instructions. Hence, 
OEMs must ensure that higher expectations of 
users with strong CE attitudes are met to 
ensure satisfaction and successful future 
repairs. This mirrors the importance to 
coordinate product and service design and 
align experiences with both. 
 
Conclusions 
This study investigated the interaction of 
technological innovation and complementary 
circular service innovation from a user 
perspective. The empirical findings reveal that 
MPD increases perceived self-repairability of 
the device, which supports self-repair 
compared to using a repair service. The 
findings also confirm that MPD promotes 
positive experience with repair instructions. 
Since CE attitudes were strong in the sample, 
they did not further increase positive 
experience with repair instructions. These 
findings have theoretical and managerial 
implications. A first theoretical implication for 
research and management is the high 
relevance of complementing product and 
process innovation. Second, the combination of 
MPD and high perceived self-repairability 
enhances self-repairs. From this finding follows 
that product, services, and communication 
strategies must be designed and aligned 
accordingly, and perceived repairability should 
be actively managed to promote repair activity. 
Further, well-designed repair instructions and 
accessible repair services can help extending 
product lifetime as they incentivize users to 
repair instead of replace a broken product. 
Fourth, not only repair but also product 
replacement needs to be actively managed to 
leverage circularity and sustainability 
potentials, since repair, while prolonging use 
time, does not prevent but rather delays product 
replacement (Van Nes & Cramer, 2005). Thus, 
OEMs should consider further circular activities, 
such as take-back systems.  
 
This study does not come without limitations. 
Survey respondents might have above average 
positive sustainability attitudes due to the 
OEM´s strong sustainability orientation. Also, 
the technical differentiation between the two 
groups (i.e., semi-modular versus modular 
smartphones) might be too small to draw 
implications, and actual product use time could 
not be analyzed. Future research could take 
these limitations into consideration and also 
investigate the effect of additional process 
implementation accompanying modular 
products, e.g., environmental labelling (Bakker 
et al., 2014). 
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